Dear Editor, Spinocerebellar ataxias (SCAs) are a group of genetic disorders characterized by slowly progressive incoordination of gait and are often associated with poor coordination of the hands, speech, and eye movements. Frequently, atrophy of the cerebellum occurs. The genetic forms of ataxia are diagnosed by family history, physical examination, neuroimaging, and molecular genetic testing. At present, 36 SCA subtypes including 27 pathogenic genes have been identified [1] . Different subtypes of SCAs have clear distribution differences among ethnic populations, and SCA8 is an infrequent entity worldwide, which has mostly been reported in Japanese, but has never been reported in Chinese [2] . SCA8 involves bidirectional expression based on the total number of both the (CTA) n and (CTG) n expansion transcripts in ATXN8OS. The pathogenesis of this disorder is complex and the spectrum of clinical presentations is broad. It is predominantly characterized by drawn-out slowness of speech and gait instability, followed by slowly progressive ataxia, with disease onset typically occurring in adulthood [3] . However, the lowest full-penetrance allele for SCA8 onset remains elusive and the current understanding of the phenotypic and genotypic features of SCA8 is limited. Since SCA8
has not yet been reported in the Chinese population and is scantily reported in a small proportion of pedigrees so far, clinical knowledge is still developing. Moreover, the boundary between the normal and pathogenic alleles of SCA8 is uncertain. Here we report the clinical and molecular genetic characteristics of 3 Chinese SCA8 families and have identified 51 CTA/CTG repeats within ATXN8OS, probably the shortest pathogenic allele for SCA8. In the current study, 144 unrelated patients and their family members were examined in the Department of Laboratory Medicine, West China Hospital, between October 2009 and June 2017. All patients had a clear family history and were diagnosed as having SCAs in accordance with Harding's criteria [4] . They were all eliminated from other general SCA subtypes including SCA1, SCA2, SCA3, SCA6, SCA7, SCA10, SCA12, SCA17, and Dentatorubral-pallidoluysian Atrophy (DRPLA) by mutation screening. The medical data of the SCA8 pedigrees were reviewed and are summarized in Table 1 .
This study was approved by Ethics Committee of West China Hospital and informed consent was given by each participant.
After genetic screening of ATXN8OS, we identified 3 probands carrying 112, 51, and 127 discrete CTA/CTG repeats ( Fig. 1 A-C, Families 1-3) , while the other 141 cases had \ 45 CTA/CTG repeats. We further investigated the affected family members with CTA/CTG repeats of ATXN8OS. In Family 1, the proband's father with similar symptoms had died before recruitment. In Family 2, the proband's older sister (II 2 ) carried the same 51 CTA/CTG repeats. In Family 3, the proband's uncle (II 1 ) and brother (III 1 ) carried 125 CTA/CTG repeats, indicating that the length of CTA/CTG expansion transcripts was unstable in this pedigree. Through comparative analysis, the 51 CTA/ CTG repeats detected in Family 2 were identified as possibly the shortest pathogenic allele for SCA8. The proband (II 2 ) of Family 1 displayed gait disability and weakness of the lower limbs when she was 34, and her symptoms gradually increased over the past four years with repeated attacks of dizziness and visual rotation, which resolved by themselves. Neurological examinations revealed reduced deep tendon reflexes and the Babinski sign was abnormal bilaterally. A brain MRI performed when the proband was 37 showed cerebellar and brainstem atrophy. Her father, with similar symptoms, passed away * 15 years after onset. In Family 2, the 44-yearold proband (II 4 ) showed evident cerebellar ataxia-like dysarthria and gait instability more than a year ago. Since then, the symptoms have gradually increased; his ankle reflex and Babinski sign were abnormal bilaterally. Moreover, both eyes had nystagmus and limb tendon reflex symmetry was hyperactive on recent inspection. The brain MRI showed prototypical cerebellar, pontine, and oblongata atrophy. His mother (I 2 ) with similar symptoms died 7 years after onset, and his older sister (II 2 ) had been paralyzed for 3 years because of cerebellar ataxia and hyperactive muscular reflexes. However, unlike the proband, II 2 had a normal radius reflex and no ankle reflex, while her brain MRI showed cerebellar atrophy. In Family 3, the 43-year-old proband (III 4 ) displayed a 7-month history of limb tremor and intention tremor but a normal gait. Further neurological examination showed an attenuated tendon reflex, hypalgesia and thermohypesthesia, and loss of vibratory sense at the ankle and knee, as well as lower-limb numbness. These electrophysiological manifestations indicated peripheral nerve injury and damage to motor sensory fibers. The brain MRI showed severe leukodystrophic demyelination changes without distinct cerebellar atrophy. His mother (II 4 ) had died before abnormal pathological manifestations appeared, but his uncle (II 1 ) and brother (III 1 ) had analogous neuromuscular symptoms. Especially II 1 developed gait ataxia at age 52 and also had segmental hypofunction of deep tendon reflexes, while III 1 had intermittent gait disability but his symptoms developed slowly in the past 5 years. The brain MRI showed slight cerebellar atrophy and leukodystrophy. Considering the rarity of SCA8, corroboration of CTA/ CTG repeats within ATXN8OS has only been implemented in a tiny minority of cases. The lowest full-penetrance allele of CTA/CTG repeats for SCA8 awaits to be determined. It is universally recognized that the pathological mutation alleles for SCA8 are [ 80 CTA/CTG repeats within ATXN8OS [5, 6] . It is not yet clear whether repeat sizes ranging from 50 to 70 repeats are pathogenic. Moreover, repeat lengths ranging from 71 to [ 1300 repeats have been found both in individuals who develop ataxia and in those who do not [7] . A recent report has revealed that 71 triplets is the shortest pathogenicexpanded allele of ATXN8OS [8] . In the current study, we reported a pedigree (Family 2) who presented with typical symptoms of SCA8 and carried 51 CTA/CTG repeats within ATXN8OS. This pathological mutation allele of 51 CTA/CTG repeats is compactly relevant to the phenotypes of patients, suggesting that this is responsible for the disease onset in this pedigree. Therefore, we concluded that 51 CTA/CTG repeats of ATXN8OS is probably the shortest pathogenic allele for SCA8. In general, the common initial symptoms of SCA8 are scanning dysarthria with a characteristic drawn-out slowness of speech and gait instability. In our study, Family 1 and Family 2 initially exhibited gait ataxia and explicit dysarthria, but only Family 3 initially presented with typical symptoms of action tremor without dysarthria and the Babinski sign. In addition to these, compared to the late development of action nystagmus in Families 1 and 2, Family 3 have not yet presented the typical symptoms during the disease course. Notably, the proband of Family 3 and his brother both had fractional leukodystrophic demyelination changes (Fig. 1D) , which differs significantly from other types of SCA. In conclusion, the initial symptoms were not universal among all SCA8 patients, signifying that SCA8 phenotypes can be heterogeneous, and inter-familial diversity should be taken into Fig. 1 A- consideration. This phenomenon further implied that a lack of dysarthria, nystagmus and the Babinski sign is insufficient to exclude a diagnosis of SCA8. In addition, all the patients in this study suffered from cognitive decline during the course of the disease, but none experienced dysphagia and abnormal muscular tension, suggesting that dysphagia and muscular tension are rare signs of SCA8. These clinical signs differ to some degree compared with the previous reports of SCA8 patients from Japan, Brazil, and Finland [9] [10] [11] .
SCA8 is a relatively uncommon, slowly progressive ataxia with an estimated worldwide prevalence of 1:100 000 and only a few SCA8 pedigrees have been specifically documented. In addition to several Japanese cases on account of a founder effect [2, 9] , SCA8 cases have only been detected in 2 Brazilian [10, 11] , 15 Finnish [8] , and 8 Czech pedigrees [5] . Our study is the first report of SCA8 in the Han Chinese population, presenting clinical and genetic analysis of 3 Chinese SCA8 pedigrees. This implies that the incidence of SCA8 might not be as rare in China as previously assumed. In addition, our results indicated that 51 CTA/CTG repeats within ATXN8OS is probably the shortest pathogenic allele for SCA8. Therefore, the trinucleotide repeat expansion mutation of ATXN8OS is worthy of investigation in those who have been excluded from other general SCA subtypes including SCA1, 2, 3, 6, 7, and DRPLA.
